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Nephrolithiasis or renal stone has been found worldwide; it is also endemic in the 
northeastern part of Thailand. Chronic exposure of a stone in the kidney can cause further 
compiications, from renal failure to mortality. Etiology of nephrolithiasis can be intrinsic, extrinsic, 
or combined risk factors. Surgical treatments combined with metabolic abnormality treatments 
shouid be advised to renai stone formers in order to prevent a recurrence. Moreover, lifestyie 
change dietary seiection of water intake and reguiar exercise are health promotion programs 
that can iead to reduced stone forming propensity. 
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‘i?«UQ‘lu?suuvin'3i^uiIfl«mt (urolithiasis) 
uflstjpiuolw (nephrolithiasis) iflviT??iV)i{]tiiIryvn 
fl n «ty‘iifi? t u u vn-5 m uila a m t v! n u ij B n 

ilTtijnai?B£i9t 10 luiJ?tiv)(>i5itTUi<in TBtiat 20 \m 
lJ?siViHimuwiW^U(Tropicai and Subtropicai regions) 

'^ijimjrunnjiflvitfPiuQlw^'ijjnn'luunu/nflwt'rufiBn 

i 1 / 

n«5JjiJ?s*Dnn?T'tJii?'i'nuii9^y^'5‘Ein£j vT-itNiilutfPiviij 
BPinnmjiilw'in^'5fn«jMa'im??nttnw^'itjQfi«anEJUQ 
(lithotripsy) MJBmfWhW^ (surgery) ^iJotJUn'inEi 

I 1 / 

limTiSviUQwnnnQn 2-3 ('iw'lmstJsiQfln 2 tl wjBin^ 
iSu'jniJysjjntu tbejak 47 

m'lw}4van£jijuw'S'iimnifinj4{nTi«niit'aiiTfinw 

viiJfsnauiiluwBnlun'auuo iiii'iUiflu 2 yttuiyilMfy 

I I 

WB UQvljJLi«aW£jjjiflu«('3VSiJ?:;nBU (caicium stones) 
^'iifluuQWviuwnnvia^ iJftjjnfUTBtJBt 80 ^^bib 
ifluuQimBi^tJWBBniiniBPi (calcium oxaiate) nuw 
pino 'I MfB wiiPiBLBtJJ4vJB«1iy|pi (calcium phosphate) 
TQWVNUQiUBW«1}J'UB<IUPIBll£J}4BBn'jniBPimjrlB«)lvlp| 
M?Bii,piBi.?£))jBBn*ini,BPinij^i?pi iiB::BniJTti/iviwU'3 
flBUQvilwwiiPiBi^tj}4iLlu«<QuiJ?:inBU 
?B£JB;i 20 twiiri UQn?Pi^?n (uric acid stone) UQBin 
m?WPiiBBiiUPivii?tJVfBUQ?lPij'lTM (infection stone MfB 
struvite) UBtUQ^SIviu (cystine stone) lllu^U 

n?tuQum?inpiuQij}j^UB'inm?p)nwBn‘UB'3 

I I III 

inBBvllLluinTf1BUQ'lui!I{1«)1Qtvi}JPIQnjJBJJ^QEJQPl3-3® 

(supersaturated urine) (nucieation step) wan (crystais) 

I 1 / 

^inpiluBt^vinHiUBB’ijviBlpiunpiiBiJ (injury) 

1 / 

Bt^uBBjijtknnliuinpimQt oxidative stress Pinuun 
?i'3WB‘lwJlnn?inPi oxidation TpiEJiBiNntBtjn'Jti'i iipid 
peroxidation >i'i*ltiinpifn?wnBntJBmtiBM3JiiiBBBB'3 

V 

iUBffijviBlPi uBnBnnuS'-iifiPiiJ^nTEn oxidation nu 


«n??QTjjiaq0Bu •] witiWfpivi dna uBsantBvj i lu 

inaal^ «i4i«TwmTii'i9nEJiiasm?ij'ipiiBUBB'iiiiBB’ij 
vIbIpi iiBtm?BUBBmiB4jn?V'nn oxidatively modified 
biomolecules (lipids, proteins, UBS nucleic acid) 
ii0S>jm?iJaB£iiBi4l*iimi«ntiiiUPi ‘Iwuri N-acetyigiuco- 
saminase (NAG), lactate dehydrase (LDH) BBnwilvi 
unilBBmsvnniiu ujnfuiiiaBvigniinBnB'SsifluuMB'i 
imsfjpiBB'iinBBWfBWBniiunpiiBnviBBBB^'luilBB'ns 
iwBWBnivanuinnsf'iJjnujjnniiuBsinpiifluuQiPiBEiB 
BUOPiiBriMJB nidus >iiLlugufInBn4iiB'3nn?inpinBum 

V 

(aggregation step) VB-i'S'invru nidus Bsinnsn^iJUBs 
jQkiWQnuwnriBu onBCutuuTuilBBnQsriiJjjjnfuBiT 

riBUQmWBU Uas/V?B JJ?nTtllJtKni?riBUQBPlB4 Ill'll 

^ 1/ ^ ^ 
jjBPiJ'imjwpi^'i'JBB'iwBnmw^-iBViUBswtyiwijIpiiflvi 

ABUviwBunpi'lvfyBU (growth step) uBsn«nBiflunBUUQ 

(stones M?B calcuii) ItivifjPi 

B'lTlWUVIUB'lBli’pin'l *1 WJBTIB'll^tj'luilBBnOS 

V 

l^'IBUPlUBSlJjWItUBSUlJTW'UB^PlBBPIlQBniinUlIfUntU 

I V I 

BB'JB'iinjviujlinpi 

m?ifiPii4'iiiunu«'3i>4WPiiJnwiiB'3n?siJQumTaiiiviiJBBBu 

Imn-imEJ (metaboiic process) UBSinfjQiiB<inumT 

iin'nuiiB'5l!iJ?piuTiu?i4«n?UBslBBBi4pin>5 •] luvn-iiwu 

BnHITUBslp) ?i4WB'lv*ll4?SUlJVn'3lWu£lBBmsfjBn?riB 
' '*^11 

'a'anunie^i?) 

V I 

vIbbiv^pi ubs/vjb ijBiftrutMmfinpiuQBPiB'j'lwurinBU 

V I I 

BnTyutMmTinpiuQ^SiiunpiianUuri 5 ivi?pi liviiiviBiBtJU 
uwnuLiEjjj ‘Ivi'tTrlBBirlpi uBsnBWBnjtmtKiviJltjJiBnB 
B'unPlT.Vfy l^uri nephrocaicin (NC), Thamm-Horsfall 
protein(THP), urinary prothrombin fragment- 
1,uropontin (UP) UBS giycosaminoglycans (GAG) 

V I 

(A V M ^ ^ i/ ^ 

iiiupiu ‘' 'UBnBnnutJ'3Jj/nQswpiiJnp)vin?swi4m?mpi 
UQ l^uri misiPijtjpiBBniiPi^u mjunpusuBB'JWBB 
iLBij'MBBPi'lpi m?pipiifBvii'3i^ui!lBBn'ist?piviijm? 
w'l'nuBB'iviB'lpiwpiiJn^ mQsilBBmsiBjJwmB'iBnn 

V 

mjBnpiunuBSPiQ'inB'ru iflu^u B'nwSpiiJnpiW'inBm 
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anjjn?niJhjiiJ«!Jt4u^im9j;«QUf^j4Umin(?isnn£I'*i<£j 
M?'ail'^'?£ini£ii4an (environment factors or 

I I 

extrinsic factors) wiii 'Q'lMifvifUiJjtvinu viiwjjnt:?)w 
nn?ww'un‘lMiJinvi'au«t«wBi?iW£jijj'QMn>5iu 

lu^ijanfnpiviTaujjnn /nQn«?£j^'=iin 

» 

'£i'an5i^fuu9::m?MnRn£jD'a'5nj99i^vi'Ei'lpi ifluwu ‘®’ 

uwnniiluils'^Ej/nEjlu (intrinsic factors) niu mi^njyjj 

uatw-anw ilIuru l:jf^njjn?nRQu«^u‘lR 

^>tnfin'lRQnt?RUQlflut?R^JJlffl^^nU'1M91EjiIs<£J 
(multifactorial disease) 

‘lu?iQUT)0'5m??nw'it?RUQiJ?tnf)URQ!jnn? 
?ntnuuuiJ?tRuiJf:iR'a-3 nn?RQUf^w*Di4R?nvn?vl 
njiljtvnwnyiiWRii'a'tnawuQ nntfnwnRQtJEn ii«:: 
mT?nanvn'5^9anj?}j 

v5'^n?n4iRQnjj^j4RnM'lRii1'tiivi£jijmjRnH'=in!i sinm? 

I I I 

iTQl«nv<UQnnn?m<RmRQ£jQfifn?f^fn£juQM?'Ei 
QfiwnRRtwtmiJ«£)uimQtuwiia'3m?i.nRWQ'inM«'i£ifn? 
3 n itn iia R-tlw iMUQ T n a w w ii m ?l.M£n ? n»n Ri wn UR 
nauuTMa-tm?aan£iuQ mjQnmTinRUQ'luuaRa't m-ti 

^ I 1 / I 

iIt "] uum?^niinaR?nnaiJi2uuTBnua'5aan£]UQ 

wtf<inynijnaay^na>5n?fuv!3JWi]'3£]«(Qu'Luqjunann 

I 

/nanan-t uatunann/nRlu *] iia>3iJ?:;iviRlvitJviij^'5 

n-tyatjat 25 /ntiMa'^nijaantiuQua'i 3 tl uativiu 

• ^ I 

aR?nm?inRuo4n?a£jat 39 /n£Jna<im?wnRRianuQ 

aanliJiiaQ 2 tl M^vitnina^iauiihu ^iguaniviR 

• 1 / i 

aTRfyna'taRnnaiJiiluuQ^n lua'iannwijQEJunif 


^ j/ 

iiJa£iuuiJa-5Tia'3iualR wiu wumjaniaii fn?ijQmiat 
mfinRiau/nEjluiualR aniwinRm?iJ?smuRQ'i)j 
HRiJnRvn'Jiuavnjaan uatm?QiRntMan?iRuvli2u 
auiJjsnaiJiia'fnauuQViifluRMUfn (first episode) 
IjjtREnfntuRnuflaaEii^Ei'jluDURnauuQ ‘®’ 

111 Rmfah'j lafjjfjTi/nv^v! iMuntajjMa'im?aan£iuQ 

I »/ -! *' ' 

UTawiRRianuQaan R-fuuuuQvn'jfnnnwnviQnRa'i 
‘luila'^iju Ra'tHfnjQuaati'dURiia'JUQannyijQEivI 

' */ 1/ o 1/ 

lanuQaanuaQ RB'JiiimjiJytiijui^nuiJJUViiiaan^ 
iiluilaaEJiStj'jRn't i Tia'fmfinRUQatin'tRjijnQU ma 
i£luuuQvn'jnn?H£n?nM-niy'iau^‘uifaa'EJill£i'5 m? 
iiuj^uiHilfij iiJatJUViqRnnjjmjRi iuu?Q R uarm? 

• 1/ t/ 

iaantuRan\n?mT/iR m?Rwun m?RQijf5uunuun 

■ t/ I 

HiuunsaugnRa'Jivlaila'tnufnjnaiiiiluimia'JUQ 

%' i I 

jQUVNfnt'luRiuusunau •] lOumjwuRQnuanunfn 

I 

uatwwvia-^anuna (empowerment) HyijQ£ja3U3?n 
RQURUigiiaRuia't'l^unnDu*’*’* uasaRRQnuiRTfjRau 
inRa'inanmjiia'ttjR ^inHfinfnwna-fn'tmauas 
aR‘laTia'3yiJQ£jRiiuanR'3£j I'tifluvanfnfua-^m? 
a?i'5iaf}ja‘iiP3V'i (health promotion. HP) viaiRfyyIat 

I 1/ 

vin'lmnRUQ^njtEjttnhaRa'i 


1. n«;uQumfinRUQ 

nauuQinRannm?fouR'3na'tinaaiia'tan? 
Rh'j •] viiSuaiTauumtTvia^'LujiJiia'JHaniflua'jR 
iJjtnaijf^Qu'lutyR'^vinamiin'tRU uanannutHnijan? 


Rhfh'Svi 1. a'3RiJ?t;naiJiia'3l!iJ?Ruuat1,iiiTuiiuRRn'3 •] lunauuQ®* 

stone type % matrix protein %matrixlipid Cholesteroi Triglyceride Glycolipid Phospholipid 

Struvite 74% 26% 1.53± 0.72 10.71±9.17 0.13±0.05 0.57±0.5 

Calcium 20% 80% 0.64±0.27 1.64± 0.6 0.16±0.06 0.18± 0.1 

Oxalate 

Calcium 33% 67% 0.76±0.50 1.45±0.13 0.17±0.10 0.31 ±0.23 

Phosphate 

Uric acid 75 % 25 % 0.20 ± 0.07 1.60 ± 0.34 0.09 ± 0.03 0.08 ± 0.03 
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iJftnauauvijyvI'ljJifluwanfi^yQjjn'u'lun'auuQ ilEin 
stone matrix v?® organic matrix viviuiJytiknai 

•/ I 1/ 

2-5 'luwnMiIniiW'ni'a'jnfiuuQvr'iMjjpiBn 

I •/ . 

(macromolecules) vlJlia-iWjwti iifltliiW'U iSufi'tw 
iJjtnfiu nuFnftu'lai^fPiianuaEj 

I V 

vn'HwuiUaanQt viSiiM9'5miupivN'snnvi«n?i)jnii9t 
'^nnliria?n'3wia'3 iiatjJiBjjnmpin'jnu'luuQUPiat'du^ 
W'tP)n?n<ivi i 

«nff)uuvi?mi«tanTBuvi?tj'’iiin'5 i manu 
anwn?n?'3WWQnuant4Q'Uwnnauin^iLluna;j‘iia'3nau 


wan 'ti?it)anaasinnt3pinuia'5i3ujiJv)?'5vlwuuu 
iiivnt wQEJWufisuautFiniaufn niw iTufitlaaauun 
'laDwylau la'JwjWijniiasuwiiouiW'afQnQ^ iia:;nu'in 
anjat4vittfv?aan?fQ‘t>Jiaqaiiunpi‘lM£]jlui!Iaanoti4 
uviuivi'lwnytuQiimnojJWQiia'inijjJwan un-juu^'liJ 

a u n u 3 QII a >3 H a n w nl vf m jj a u m Q iia:: 111 u w Q 3 wIm )1 

m?im:in^jjni4iia'3wan jjjntj'3nuviu'3nan?iin'3iju« 
magnigw^umviwQiia'iwaniiaQjJwa'l'Mwannuia'i 
autf'ifnfjQjjnuiiluwanDun^i'lMty iiastfutr-jm? 


in^uQi^Qa w-3uuanivwan«fy3ij'i'3Fiu'ljJinwuQm?nt 

t/ 1/ • 

ifaanotJjanytfiitMnnyiniFiwanvitatriJtKimyriaiiQa^ 



iimjuuuuuuuuiju^ 


juuuuJyumji 


Q 

imu 


O 

lUJU. 



-• •—-► +■ 
\ —m-— 


CaLciian phosphaite 
Caknim oxalic 


km 

-► • 



Proxnnal 


(MACROPHAGES) 


Loop of 


Diftal 


Collfidiiis duct 


tulndc 


Hedo lulnde 


filvi 1. ua?)'3Ttiiiivin>3i3'u{IaanQ:;^Lnwwan'luwiJQa‘i:?FiUQ‘lR (1) in^m?vinanaiia-3 brush-border membrane 
vliirntu proximal tubule (2) inpiNanii«aw£jpv^aaivJiriannfnjivuEJQU'iiia'3iFiW'iiiaaijvia'lir)MMa«aan 
(3) inwm?imtiia'3HaniiFiai?E]j4v^aai'HwaTUQU}jnnvin‘lvimwm?I(ri‘Ba'3wan (4) nauwanvIirntfruLiii 
aiiviH'ji.iiaaijvia'lpi (5) inwniTaantJwanuaawawvlaairlpi‘luiIaanQt3iilun?wuatmwm?siJiia'3tjan 
iiaawEJjjaan*Diiapiiivit4 (6) nauwanuFiawaijaan'Jiniai?ma:;iiFiaw£j}JV^aaiv^Pim3^ifnt:MS'3inaaij 
vialw (7) inwwarmpiawEJiiaaniniaRi'iiwiiEjQUh'twmFiwwaa'ijvia'lpitwaani^QtiJianaanailjiQUTQii 
vila'liJn'l^ (8) nauwanuFiawEJjjaaniniacnaijmjwQiiiaaijvia'lpi (9) in^mTaantiwaniiFiawaw 
aaniniaRin'jj^Quvim^niL'luinaa'^ (10) wanwwnm^'luinaaijvia'lR iPiaauvi‘liltN'^(^viiiwFit«?v^na 
‘Uianinjnaijnuwaniiun^lTifylw 
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V I 

•Mn'lwHanUiSwwwnuilla 
uf'mjaiwafiiB-ii'iiaaijwQvia'lwaatgnifua'Qn^jnvn'i 
i!I«««'i')tWTfiW9ngnm<wT«£jiUJ«I«?vli'S (macrophage) 

1/ I 

atantiaanvn-iLlas^mtiifin'^nnufn'^jjanTi'jj^Q'u'lMty 

'^t‘liJuEi'j4ijan?ri'au'3 iiiii 

5ivifpi4ijniju«aw!j}j M?aiujnuw£in<ijniiaan*ini9i?i 

inaana-i iiR9 i?eiw 5 m^wvt-a uwndi^tjjj 
• •/ 

aanuniapi 5'i«s«nti‘luuni!I«<enQtM5l liQtja^f^nfri'Q 

• «/ i 

UQ mja4jJlmnpiH9nuQt«£iw?'3Twvin>5PiNfTuiin«Mnn 

I 1/ 

UQuatJ 'St{(-3W9lmw3j‘t‘an'iam?'CunuTia'^H«nvli*ij9a 
itjfn^'lwuatjjmfiinantnia'jiflanjsa iwufjQunlmnw 
mnojjn^wu«tin«i3unsuiiQ‘luw«5Pi (jdyl i) 

f^Qn)jw«3n«vn'3iuiiviija95>Jvli3u3‘=»'S£ii«^£j'i 

I t 

iifi'5m?in«u'i?:iMQn'53?tivifiviwrajunu9Qnu3?tivifi 
v!nna'3wrajun3«Q'ijju«npi'i'3m4 upiB£in4?npnj4'snn 
?n£i'in‘unn?^nM-n'snuQUwnnviijQn/nQs^3«n?mja'a 

t I I 

UQwn 'i«EJi«vns/n'it5ivi?i?ilu3?i«nQtwni3u«Qn3jS?i 
3npivn'3iwuviufi«?wvlyiija^i«tW'a'lwwJ')£]‘tT«UQlwlw 
dftivipiw'i'i 1 (jjinnQiJfifjat 50) 

90 'Luw3'3!]T?«wQ‘lpi‘l'u/npiPi:;'ru®'ani«ti'iiwwfi\vitj 

• u 

fj>3LiJnonuu5jw«njiu!JuyuQn/inQt5ie^?Piluif«^^ 

• t •/ t 

wni3w«^nmifj«n«tyii9-3m?inwifluu'3‘Bn lUB-jsnniflu 

i/ It I 

?n?trijflf'3m?ri'QUQv!«nflt\jvl«3(^‘L\j3«iein'3t wq£jim« 

1/ 

UB'iflm?autun‘lwwJ'3£i‘l«?ij5ivi?«i«)?w (Citrate 
supplementation) POEJMB-jfnjTnu'n iiiumjlMEn 

j I */ I 

in'atQEiawt'amBin^ifluuQ^nlw n?nl^rinnf 

t/ I 

in^HBnuatjjmjiwijTpniunw'lwfyiiusunaiEJifluu'i 
(calculi /stone) 'tj^miUfiQOiwn'j *] iiB'Jvn'JiwiiOajtOQt 
du vimBlw vislw v?0n?tivnt3?)«^nQt 
TiB'tnBUUQionlvfjj'QnfnjyQwmnfuiaQ wiuna-t vjb 
dof^inoa-niitiuii 3«t«tnQtfnBjj«^uW'jD'Q'5i9'a«3w ‘lu 
wjQEJvIjj'anfnquii?-^ 


«5a4i5'iBt;in‘lvn}43un3«flOQtfi'ani9E] mfiiinT^w 
lejBUJt/invi iiiH«B'3H'iww‘l«0'an 

2. iTssBvIifiufnwnmfinwuQ 

t t 

T wti iw 1 ^ vi vitnlnn lUwna-inBuiiQluJf tinnj 

nawwi-t •] WQtanwlBluyjQEiuwasFiuiiwnwn'tnii w 

• 1/ 

B^nuttanEi^BBtiiHEi't VHdBBtiP'itj'lu (intrinsic risk 
factors) iiatOBBfj/intJUfin (extrinsic risk factors) 
UBtiB'in^BBtivn'tiuuviiJ'Ban (metabolic risk factors) 



2.1 3B‘S£iiSly'i/na‘luviinyQ^fi'5nijb«ilQ 

2.1.1 miqnnjj (genetics) : WMBnantJ 

I I I 

-nu^viijQnfl'nmeiti'i'lufnfinwuQ (relative risk) nfi-i 

y^Qiivlwdjtowuo'luFiTaiJWjQ iflu2.5 iviniwfiivlfiijnij 

yljjjjdftTPiuQliAWffliJWjQ ‘’®’ aBWRaa-inimtj'nu 

nn?3n»niia<iHi5!Juaat«fut vlwijQnjBtia:; 40 1104 

y3Q£111t3utjRUQ'lwjj3?t'T«'5)04RT0lJ«fQl3uU'3'lp*l 

U0n0nnu£f4jj?nEj'nuviij'3ow3Q£jvlwm']tiiFi9i?ai4 

‘li43«i«nQt^4viiflu«niwwii04‘t?«uQ'lw jjdftoiwQ'lu 

1/ 

f*i? 0 ijwfiiiiun'u 0nvi4tr4ijfny<n'uviij«QnjjH«3nwvn4 
wu^n??jJii04W?wiinu«<4«n?iiin4 *] vli3u30<£jiflEi4 
HB-amfinwuQ du Wfwuiiud'iiivijpit'ijinijtniwtijjvl 

I I 

10011 fiiiJ0iw0f‘ii04i*ii00’ijvi0lp)vi\in‘lMnij/n']t5iwjiii 
1.ii3«)0OQtinn w?0‘ii04vn4W?wuiiu«l4«a0l?«0in£n 
'ii04nij/n')tii«0dau‘lT43«i0mt^4 

2 . 1.2 ivif^ (age and gender); vilj 

t I 

RQn«i0£j4ii04m?in(^u'j‘luiii00«‘ii']40nt)ii04^Mfy 
(lifetime risk) anvi?U0'lfji09£]0nijt?«UQlw0^‘li4liQ4 
30-60 3 ti?ta0nt|i0a!Jii04in^iiny0niju'3jnn0a« 

3Ttjjnfu 35 3 u0sinfiM{y43 2 •iIq'I 0000 n?| 30 3 
aas 55 3 rfiJ0ijlwm?n4H0'iu'j‘lui«ni?i3nQ3^iiqj 14 
0n0iu04jn0nni^nj4iJti4na!«nfmjtr4fnnn?iu'j du 
iiPiTvi, uunuWEiJj Tu3«)«inQt^4n'jn uBtJwmjifij 
u«0d£iJjTu3«ian'3tpi3nQ'i‘lu^V£y UBsnuQnfnjinB 
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m‘luivifWE)^'3ndiivi^M£^'3Ll7swnm 2-3 ivin 
MU'5iUf)-4JjnsnnwflDa'5a'afT>4U estrogen IwiviPlwt^'t 

wuQnaafljJU testosterone 'luiviflijiEiiv5}jm?{lfn>5 
-a a n inia Pilu w u 10 nlw tTu-q B n jj nluiUfl a m K iv 5 » 7 i ti 
ji-iwa'lvfvimwf'iinEJwaamniaw'luilaanQii^'indn'lu 

2.1.3 WHViJJQamtJ (Body Mass Index; 
BMI): viufO'nwifitj'iTia'imsmfiiiQivikifu'lufouviS wiivi 
jjQaniEi^'imuHnjjniiifjnu (>23 kg/m^) 

2.1.4 iiainw (race/ethnicity): iJjcinilVi 
>3 n a D n Pi jjta m a 111 uh JO uqT.^ UR a E VI u a QT jiij n 

I 

iiPinpii'inu viii'imimaimn'utjQ^iiiluTtauQuaanQn 
DiQaimnuw'i'in'i'’* nmtvIviiitTPiuQ'lupiu'lviaaanu)] 
piQnw^n^-inQ'iaulviai'iiaanaau lon'lmladnviqpinnjj 
pi'j'iwiilua^iinatJjjiQuinaowniitjauQ 

2.2iIa'sai^?j4/in6Juanvlinaoifa4niit?Piuo 

I 

2.2.1 anvn? anMn?iili.iiIaaaii^£j4piam? 
LnpiuQvlai«t\jjjnnvi«3Pi 'tpiEJViiJ'jnanvnjvIjjWypiu 
^4 vin'lvijjnnjifiianjriauQ vT-iiiPiaWEJii TilfPiauiias 
nTPi^vnluilaamt ‘uaitviilatjpimLa^PifutniiQnwiJQtj 
t?auQ'lp)}jnn??iiiJ7tv)nuanvn7vijjan?Tii'laiPi?pi^4 
(7aaat 83.3) iia::liiJ4Ucn'i (jatiat 5.3) atnTtwulw 
lau'lujjvlaanaiivivpilui'iiaaiin'numjj^u uatiilu 
a n i M PI vl a n fo f\j vl 11 n Hn u m Q 1 5 1 vi T PI 1 w il a a m £ w 1 

anii7iianiin7vlLiutunlvfii?t/iPi ^awalmiatwritpiEi 
lavint wtum wtunwan utatnajjn utiHaiviPi 

1 / I 

iiatnaoEJ in?ntuanannatnan?tfua<ini?riau'i‘lu 
iJ7infu^4uaQtr4jj an7wni4ai^yaaa?sManEJiiUPi 
ionTvfapii!Iaa£jiil£j4Tia4nn?inpiiiQ'l« uananriuviiiQn 
•Ejiiwnnfnliia-imjmpimmuiiuiiiaapiiJyjjnfuuRawau 
luanwnfann 1,500 Caanni iilu 500 Jjaanfjjpia'ru 
14 ^uu wj 0 UQ 0 in PI a 0 n n n ? vi ij ilr un tuTi a 4 iia a w a ulu 
anl,^ap)a4 looHmuiUuiaiaaniniapivign^pi^iiann 


vn4iwvieninj ion1vfi1/nQsaan'!niapi'li4ilaam£^4 
i4ana'invi{r4ij^auusUnQn^ilQaTTau'3Pnf«i4un'ruas 
2.5-3.0 apij nTsanrf4nn?«wu'iwa‘lwiianaiiupi 2wa 

I 

apimTinpiuT 

2.2.2 j^Jjanmpi viii'qijwmjnliinniiu'lu 

ufiooivlijj^riann'iPiJau aiiii^iianiua4i4nainj4 

iI?unpiTiia4i!Iaamsapia4 iiatanaas^iiiifufiniinn? 

vijjapifnnnyifiiiiaaiiajj, aaniniapi iiatoTPi^Tnlu 

ilaanosiviiiiiu*'’ iiSa4annnnjUfiiiia4 Ultraviolet 

ion'li)ijjm?^4iaTn£i?5pn5ju^annwoviU4}4nnfu a42 

m7^a?wiiaai?awannanUiiatiiuaanvin4ilaamt; 
» ^ ^1/ 

mki'iii4uanannCiyijQaiioa£^fyi5!aii7fin^aan'liJvn4 
ivla ijjaii'i4'iu‘luvlw}ja'njj?au^4 fi4wa‘lMifaamt 
i^i4^i4iiatio'i‘lmnpiilaamtiilun?pi ?4n?t^uHinpi 
waniia4UQ‘l«4n£j 

2.2.3 anivi yvlion4nu‘luannvianm?M 
?aw iiat:jjaoiviHiif44nu‘lu/inpiinwp)Tn?T)j ioiT.vjj 

O 4 <J 

/nQtinpiiinsnnm?i3£jm4aunnasviU'qijlnn?niTia4 
miviuiiu nn?iin4nu'lu‘i!744ni4iiatUnjanT Beryllium 
lias cadmium anaionlviinpi renal tubular acidosis 

I 

iiasinpiuopnwjjo 

2.2.4 Eli m?njiJ?svnuaiun4Tii4Pi}Jwapia 

mjmjan?riaiiQaaninT,ui!Iaamsminiu iiiu m? 
'l0iiopni4u5‘luil?infu^4iil'mlTsan lonHaanuniapi 

V I 

Tuiaapiiias‘luilaams^4 uanaonu wvHwfutjnmpi 
iiaawEJU iiasmt/ipiriawuau Mval^fuTQjjniiQpnriu 
pi as«<4ia?j4n'i?gp)5wiiP)aii£j)4vn4anW toilMfii 
iiaaii£jjjaanjjivn4i!Iaamsinniu 

2.2.5 pmuiPijEJPi (Stress) iNiiQ'iiJjajjpmu 
iPiT£jpiyiJoEjasjjpi'n}Ji'iijJifuT)a4iiPiawtJjj, aaniiniapi 
iiasnfPi^jn 'li4i!IaamsmjjTii4aEin4wnn iiasijniTapi 
a4Da4iijjnui?£jjjluiIaamsianuaEi 54tf4liJanin?fi 
afiinaaniiiPjviiin'Lmfipinn?iilaa'uiiila4niuii 

2.3 i!IaaEJvn4ijjiiviiiaanviin£jQoia4nut?pim 
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ilcjsinil TnsfTtfQOR uatRCu:; 

4 
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vii<ii}4aviu'Q«n nm“'a'an'iini?ii?ia'3‘luil?i?imi; 

(Hyperoxaluria) /inQs:u^ai?£lW^'3‘lui!I«4«nQS 
(Hypercalciuria) 

(Hyperuricosuria)/imt'W'a«^i.vJ^«'3‘luiI?i?inQt 

I 

(Hyperphosphaturia) mQ:i?iVifPli^n'li4i!I?)«nQ:i 
(Hypocitraturia) /nQ^U3Jnul?£J3JCni'Lu{I?lfi1Qt: 


(Hypomagnesiuria) pmstviuviawtJJJWnl'uilei^nQK 

(Hypokaliuria) mQt?li4W9‘ii'a'3n?^^n'3 uss 
/n Q 1 0 ^ iJ n I “I) t)'3 f tfiJEH m ? m P) WQ VI 111 uu wtw n 

(Abnormalities of inhibitory macromolecule structure) 

^•jufiPKilujiJvi 2 i!Iss£Jvin<imuviii'Q«nwfinun(=iQn}j 

V 

I I %/ 

anRfy'ati'i'tjjnn'lumfri'QWQ ^'jQn'^viiimti^uiiiiHw 
iln0/n'i;ii^£)Qii.«t:3wiln0'M«itJ/nQt 



fiJvl 2. a«3^'3?;^iii)vn'3i0‘uil««tn;^vlm^w«n‘luwiJQ£iti«m'lpi (1) ini^m?iin«iiiD'a'3 brush-border membrane 
^miQtu proximal tubule (2) m^w«nuR9W£iJJvl'Ei«)LvJi?isnnnn?i'nCl£jQ'un'iia'4if»iin*ii9«ijvi'aT,pivi'M«)W'a'Qn 
(3) in^nnfinntii'Ei'3tJ9nupi«i,?£jJ4V^®«)i,vlpi‘^nmu3Jinwn1mn^m?tpi'y'a'3wan (4) n-auwanMimsmim 
siivlwQL'a^mjvi'Ei'liJi (5) in^m??t«^i£jw^rmR9i5!Jwy^'a?)ivlp^l.uil?)«tm£viiil'un??m«ti.ni?imfsiiiia'3W9n 
uFiJ^mjjQ'an'iniai^iuviu (6) n'a'uwSnuF)9L?fj}j'a'Ein*iniai?iii«t;ii^«iWEj}jvl'0«tHpim3^imt:w0Qi'39mjvi'Eili?i 

(7) i,n^w«nim9W£jw't)'an'tniaOT<imu£)Q'unl!(?i£)i.piin*ii««^uvi'Eitpit(^!j«nf?Qtj4i9n9'Ensil«iQ'u?QW'M?'a‘l}Jn'l^ 

9 4 

(8) n0uwanuFiai?£JiiQBniini«iPi'9iinii0Qi*iiadiJvialpi (9) m^m?««^n£)w«nuFi9W£j}jaan*ini,9i?iin<i«<QU 

(10) w«nvli?)n(^i'3‘luiiiamjvi'ali?i i(^«ai!MliltHs^via}JFil!f^?vln'9t}J«iJ4i?fisiinuw«n 

I I 

ii'un^'lnnjU(ll) in^rn?ii'i9n£Ji'B«mjviali?ivl4iiniiW9nvl«<Tu basolateral membrane (12) m?inn??ih<i 
nQ'uuh'luvi'aWwtinnjfQjjn'miB'^n'Q'uwSn (13) mi^imvif'iS'awTi'Exin'auwan'liltNmnfu papilla tip 
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2.3.1 /iiQt:a'an'!ni«Pi«'3T.u{l2i?)nQt; 
(hyperoxaluria) 

I I I 

?n ? ri 0 uo vi jj« on w « n « qj V 9 nlun a uuQ 
RQan?®'amniaPI lU'ao'snnwuljjwi'aulniriunnjti'aE) 
aantJ'D'aniniapiiviki'auiiupivlilEj R'a'iH'SPivi'iiif'a'ifu'a'Bn 
vn-nHaanQt /nQt'a'anmiapia'i'luiIaanQt ^'amjviJi 
•a'anmiaPi'luiIaanQta'imu 40 Jjaanfjipi'a'ir'u I'l/nQt 
^■3nam«<ou'lMqjifi(a'^nn?n'3m£jJjfn?^'ii«ntii’'a'an 
•niapi'^nnanfwuniiuwpin'i q my'lun'imtiijnninii 
Uiiri Qpnw'u ? I'aMaulnapi'Da luavi'aa «nfi;u'laiw?i?i 
Mf'aWfwua^i 5'3'=)tgn'a'an?'l^«( nl'anJaEJUiflu 
tnafl'aaiiaawlap^’lna^'aaiapi VT'alna'a'an^iapi (filvl 3) 
m?mT/if^'anwnTU'aamniapi^4 iiiu wntiiu 
<n(ai HI Hawtniiaw iiaswnviwtjjju?i;nR'lu*Di4UVi 

t/ 

miapit'ru'a'ani^ti'ii'MU'D du wnwQ wmitvig wnwinu 


iiluiJjt'sn iipiinwfn?m‘t/i«anvn?vlijupiaiH{j}j^>i'lu 
jj'a'amnfiStnn'u TQWiT''5«'n«5wiJnwvlin^'=nntjfi 
uO'i'atin'iviwn'lvianMw^Hjj'a'amniapi'l^unnHiaiJnw 
du m?ia^anUianvi'DuiJan£jaanwtJ4un4«<Quw?a 
mfwwpi'aant^ian'MiW^wHija'an'jniapilwjjnmiu 
m n t'i n ? 14 m ejIjJ a n w n ?n ^ win wiilmvij-a wil n w 
iin'lvinfPi'lHW'uaijmju«aiH£jjj)jnn lonlwinpiiiwadow 
aa?s1unnj<uwQnij®'aniniapiiLli4wanimaiHEiJj 
aanmiaPilu'^aaoTt «<4wa‘lvf}4mTWPiHU'a'amniapi 
mwHuiiasuiliJ^/n'JtjI'a'amniapijj'in'luilaaiQt nl-a 
mjHtniHagTaavJaaivIpilu/nQtiiFiadEjjj^o'luilaaoQt 
TiaEj'ljJjjaimPi (idiopathic hypercalciuria) 
jimtaanHniapi^'i'luilaa'iQt'l^d'unu nu'intnr 
^4iPi?3SMainiH'a Streptomyces toxytricini H4wai? 

I </ 1 / 

lipstatin vliflutjna^uiv'unfiiJtf'ii'DmHmaLiJa'lumT 



Abnarmal inhibitory 
macromolecnle 
itrurtpre 


fiJvl 3. iLa?i4i!Ia'<tJvn4i}4iiviuaanvli2uaniVRMan'jH'D4tTFiuQ‘lpi 
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slasjaa'iti'liijTu )inTmn«/nQsiI?)«^nQs5j'aanini«i!i^<) 

U 

t/ • 

wfin'snnumQtvln'in'itijjwQnjjHwiJnfivn'5 

niawwnn ma'JsnnmTimwi'Qwlnw AGT: Alanine- 
glyoxalate aminotransferase ^PiEJiflu^QnuwpiiJnwvin'i 

»/ -J 4/ ^ • 

nw^rmwuuu autosomal recessive s:jjj'a?i?nnnmuvi'3 

• t/ 

iSfiwn-j •] jfiEjat 50 ii'Q'jyiJotjn^nu ssininmQt'lwQntJ 

t/ 

iinH^iJQ£ii{?£j|QRW'5uw®n!|Lf4w)4nnun iflut^QOjj 
S?iiJnpiv!nui4fit))jnn 

SMan^nuvtuQ'i'luwviHhfiUQ'lpi'^tilnn? 

I 

B'Q n •tm 9 w 1 u m a 9 M a'0 (?) tl a ti t w ii a s 111 u w u-pi t) ID a 9 
MnnwiJ?jjiai«nfiinu'liJ'=ttvinlmTia0l)(?iiJnpitiJu0t;in(?i 
m?pn£)uf)£W^(?iBaniif)'3i!j'aT|j4i*D9a’ vinH^imjn 
viiJili'awjJi'5)«^9un'5?iQt4‘l« Mla'Qnsssnuiau'liimQ^'u 
wu alkaline phosphatase ua:: N-acetyl-p- 
glucosaminidase (NAG) lysosomal enzyme 
2.3.2 /inQ:;upi9waw^4ui!ffl«lnQt (hyper- 

calciuria) 

t/ 

SaanfjjpifiunMiIn i ntanfw 'iit'awnnn'in 250 W9«nfu 
pisTU wnalnnifinpi 3 nalnvlanRfy 'Imiri /iiQtilajinQti 
rjupiawtj}j}jnn«tnnmwpi?nvlan‘l^ (absorptive hyper- 
calciuria) /nQti!I?)«tnotvitiP)9wauunn'^nnm??)9n£] 
Dft^n (resorptive hypercalciuria) uas /l3QtUft9W£JW 
jjnnsnnmjwvi'ivn'jT.Pi (renal hypercalciuria) 
un'liJ^m?in(?it?pim'lw«tfi4Qfi«'Q nnviiRunmupi^tWEJw 
nnfijfian3jnn‘luila«imt '=i::wn‘lvi2tam«^a4vlinlla 
pin4 •] Tifi4im9i?fjj4'^i;fi^‘lu/nQtaiiRQ!jQi?iS4 
(supersaturation) IpiEiifimtuPiawtJUfi'anTniaPiuat 
upi9i?£inyl®?iivlpi aei'i'tlfnwlunatnu wa'tmnffun 
£I'=)'S£jIvi •] 'B'ulwuri PiQnuiwiiUTia'tflla'auvI'StTQjjwQ 
i3uin«'aupi9W£)w niii tnnjjiiPiawfjwluiBwitu^'t 


iipiJiiJjvnfU'D'Qn'iniapiu'Dtj t'E)m«inpii?itn?)‘un«)tinpi 

TiuUEjnni^Qtj il'^'^iJuJj?n£j43uifluv)£jf)vinjQnm?jj 

V I I 

'QBniniflw^'j'luilftenQswmaEj'jpiBmTinpiuQ'luilaanQr 
ii9S'QUPin!j«nnn'j3m?iNiju(*i0i?!j}j^4luif?)?nQt 
04 3 ivin anns'lnuw^'Ei i)j'tiPiQnui^»^uDS4UP)9i?EJw 

iiPif)i^Ej}j‘lf)a'Eiua{t?t^4pnu‘liJ(0'3!j 54anjjn?n<ijnij 

t/ t t 

Inatpiatijtulnflupivi wnlMi/jwntunfi'ianjtnjtNm? 
ini?iuQOPiliJm'SwnEj'liJ tin'llinlfipin-j •] pimnsnawtiJ 
iLluuQ'l(04ny 

iifi4onM mjgpi^unaijaatmymjfintj^lpi m?jth4 
vi?f)m?«oi£)iia4rm^n ?4iii4an>j?tiJiJugn«QUf^n 
tpiijQ(?n2upl aa?twu‘snn(?iai4'MnnfitJ?a£Ji0 (PTH) uat 
aaftkiuliPiaitviii'u (calcitonin, CT) annpiawfi£i?a£ji0 
a4as>inHn4m£ifn»n?ijjw9na4iiPiawyjj'l« wuiilu 
n?mvij4 pmuH (?iiJnpiin4a£]n4 inpi^ unu?t:ijij PiQb PI jj 

t/ 

iwanil anailn'lil ^m?mjaarnia4UPiawy}jT.ui!I?i«nQ:i 
^4U (jiJvl 4) 

2.3.3 /nQ;in?pib?n^4‘lu£I?ifnQi; (hyper- 

uricosuria) 

n?Pi^?n}4uvifi<innmi?iwnannmst^Q?iiv! 
iLlua<imJ?;inaij1.'un?Pi«aan?lf‘tiJU'3Pi9an'M?apliat4ia 
uatn?pi'l?tuuQpiaantifaannQU(.a 
n?pi^tn^4 ^ai!f?ia3')tvl»?tmjiia4nTPia?njjnnnQn 
700-800 mt 600-750 waSnf’upiaTu'luinpi'tntmat 
iviPiMt^-awnuani^ij ?4Jl{tniw«'=nnpmuw(?iiJnwvn4 
m4^n??)j v?ain(?i/n'];i^7n^4‘lui!I?iemt/natia4 iwa4 
a 1 n n 17 if] \4t? PI a vrn jaT.^?u «t 3 f vl 111 u w li n n m PI m ? 
^'3iP)n::w^?n^nn0nwn?unnmuiiJ TQjjvNinnTiji^Qnu 

I t/ 

wpiiJnwTia4m?wn43WTia4‘lpi I'tiiii-tMw-til 

2.3.3.1 inaa’wpmiiwi^iiJnwT.um? 
^4iPi?ntMnfPi^?n Pi03iiHPiilnwvn4mifin??jj«i4wa‘lM 
m?i^i43u*na4n?:iiJ3wm?wapinTPi^jnwpmjjijnri?a4 
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filvl 4. uflW'3i:jiiviua9?}jii0'3iiPi9WtiJj'Lun'3fn£j 


I I t/ 


'ua'ifupiau^iRCu "] luQfiiwuviu'a^fwTi'a'iwQTUiia:: 

I 1/ 

n?i?i^?n T.uiJstunnTvTQ •] T.iljTnviijilfyMnvlw'aE) anvifu 

I 1/ 

piQiwwi?iiJnwvl^n«:yw^-^u 

/msnf'Ei'lifiul'iilJ Hypoxanthine-Guanine 
Phosphorybosyltransferase (HGPRT) iBulniJ HGPRT 
Hl.ii'ifuPi'EiunnT?Qjj^Qnu?:;MQn'3iiJ2inQnuuu9t 
laWM'uvi'u nu PRPP luQnqR'uvnnin^i'aul'ami'^s 

ilftnnfvlMW 

G nu'latiJu'auwu u.«snn«^9ny 

iLlun?^a?njjnnw u«)^iJf:ini?vl«)'a'5 stwnHJliJjjjna! 

UQwat-alviMuw GMP lias IMP ^-iiiluwawHaTia^i 

*/ 

laulnij HGPRT UBEja'j T.jjanjjn?fiti®i4nauLiJtruiN 
mJvin'JiU'iia'Jia'u'l'SW PRPP amidotransferase 
ion1.'Mm?'an'3TT4ii'Ei'3iau'l'iiu PRPP amidotransferase 

I 1/ I 

muiu ‘lwairim?wa^^Q?uuQaaT®'lvimiasiua v^qIu 

t/ I 

asjjnn^u ^'3asun'liJ^m?aaTfj'liJiTlun?pia?nanvn'a 


VIW wniNu'l^'uyiJQtjtTPl Lesch-Nyhan syndrome 
nms'inPii'au'l'ilJJ glucose-6-phosphatase 

I 

lunanTja glycogen storage disease iiiiuvi 1 

I I 

anwoisn^taacnn'luiaa^ lU'Q'aannmjin^i'Q'u'lTiwu 
wnHmwiJjwnfu glucose-6-phosphate ?iQU'MU-3an'5 
iflwT.natpiiauasasi'lunanuiU'a 'anHin^a'UPifitjpifi 
I'iiaa anj^QUtiwm^ Pentose Phosphate Pathway 
Mhlvfww ribose-5-phosphate J^'^waHlJjwnfU PRPP 
aTT'jv^QT'uuQPiat'alvi^jjnn wawnji^ibTnwhn 

i?n}j 

2.3.3.2 n?siJQ\4ni?iii?in‘iia'3mi?i 
laapi Tfavin-aiaa^ wtaFiQiJjwpiiJn^vii'^iw^ia'E)^ i^u 
bausmiwwia'awim «<-3wa1.mw^iaa^iiPin'3i!j i3a 
inaanmonantjaswi'l'M^QtuiijannaaiEiLiasiiJab'u 

at at 

v 

iiiJa'jiilunT^^Tn'luilaa'ns v^uontnnwiJQtjnawuiLl’u 

WQnT^iLfniiao fliiuQtujjviasnaiJsnifluan'innfnM’n 
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2.3.3.3 fn?u?‘ijiPi«<'i?vliLluwunniCi« 
•ii'a<in?Pi^?nM?'a'antn?vl}JvvQf'uwnnm?ij?‘i!/i«'anvn? 
‘ti?i£ji'avNntiu'a^p)Q i^T'Q'jIu^wq aiwnyvlMn'snnllaw 

du myfMf'B'JiujjiJ'jknn }Tns::i£luanmP3M9niif)'3 

1 / 1 / 

t/ I 

stwvHanywQyiiiiatny^a^JwtuMyatiJyRu viiflijen? 
wunnm^myj^yi'jwQyumFiata'lvimi^^jnj^^yn wnH 

2.3.3.4 mj'Mn'jnu'ii'a'j'li?) n?w^?n 

t/ 

'ifuaan}jivn'3i!I?i0nQ^win'Mf'Ei'U'Q!J^'unu'api?nni?w^ 

nj 

?jjn«uMy'am?M9'jfi'an‘ii'a<in?w^?nvii*ii«ayi'Q4M«'aw 

i H aJ ef ^ M J/fc/ 

wa£jl,ifi 'W'inwms!j'Mj'aw?u£jnviki«^j4Ui?ivi'^t9^nn?^i?i 
nsuwl'amjjmyRwvaoaan 'st'M'iHnji^i^ynmja'ankin 
vn'3il2i«^nQtJjnnnQniJn^ uan'^nnun?^£j?nw(^nj{^uij^ 

nj 4 

i-a VN 1 i; w Q M«) n u 1 y n 9« n £j t^u-a Ejlu/n Q m t iflu 

nyia Iiayi'avin^^i.S'awwnf^QnniClunyiawindn pH 5.5 

V 

wuui.mtJlny^^yn'l'uytmjiJn^Li.piinnflj^enQ^^i.fl'u 

nyia ns^nynynw'Stmp^uQnyiayynt^ 

2.3.4 (hyper- 
phosphaturia) 

lu/i m t iJ n li lI n w-s s fu fi n Ej vl a «i vl ^ 

0.31 - 1.3 nyupiaTU uatoijj^i 
«4nQn 900 CalnyjjisiaQU'ssflaiflufnQt'Wa^iLvIpiT.'u 

fmjjaumEjQiaS^i riaT.mn^myaun'uyia'iiJytau^awEjjj 
ua^vJajiirlpiiflumaaLiFiai.tEJjjylajiirlpi iiat;uQyla«iivlw 
piatiJ uan'=nnumyin(a/nQ^i^la«iLr|pi^>3‘luiI«i«nQ^ 
EM LiluilaaEj lmuejtiIiIm in i^myauniu'iia'3 maa ufia l^ej u 
aan'5niapi'liaanOTEJ^'3fna'Ma4as;yQjjm4ii]uuQUfiai,?ajj 

I 

aarraniaiiilw aEi'i'i'lynpnumyiviuyia'i'HajiivIpi'lu 
iljismiKasljJwjjRQnui^Ej-i'l'umyin^UQViny^mjua'i 
pH 1,u£I?i?nQi;a'3«'3ay‘l'u«i/nvivl‘lijL2upin'5ynn 

2.3.5 /ms?iviypi^n'l'uil«i«imt (hypoci- 

traturia) 

5my^Myany(?i?viyn iflu^ny^nwfyaEi'i'iEl'i 

lumywapi ATP ain«nyan'nnyi?ii'5'] l!(?iEJLflu^nywQiiyn 

I tf t 

vl«iyn'5lu‘luT{]anyif=iyu«f 5iviyiii‘lui!I«i«)n;iviQnmjaan 


un‘luiiiii9::o'uatjj«TaEin4uaE) 320 JiaanyjjpiaQU 

I I 1 / 

wnnflyt^uviRnnQniXwatfiadTiflumQ:j£I«i?m:i}j 
iiviypiRi i4viijyaaat 19-63 'I’uyJoEiliywuQ'lpil.uiJytiviPi 
-j (3' 32> annmy^nwTiia'ifi.tlEJSiyiiTU twsitDQ'ifC 

uaspi.nail ptyijtyaa viij'in'LuiJyfinny'lvia'luj^jj/nw 

1/ •/ 

wtQuaaniaa'iiwuau'u irjyiJQEJiiatFiuiJn^ viuapiyn 
fnyLn^/nQsiiviyi?iwi'l‘u£I«i?nQ:;r'iyaEjat 80-90 imat 

I 

a^ytmjLntu*nww3iiinvlytmj 200 jjaanyjJiHaTu*’''* 
JliIaaawaTEJiJytmyviiii'lOTiv)ypicn'i‘luiLl?i«n'3t 
Imiri /nQtyO'imEJjjnyiamjj motawanvnyuasviya'i 
n^naTmyiia4yQ4iyay4 my'lwyuEnLn-i 
’duiaiiiu EJiifuElajms acetazolamide viijwalumy 
aua'innyMO'iTmia'iiaulujTcarbonic anhydrase ifluwu 
^^QuilaaEJvimjj^mypili^uilajnQ^wa 
opnwvili iiya«iny'liapnyuan5iap)v!i,fli4«iiyinonai-iiia'3 
Q{]4nyi(=iyij{(m3jnu yQwvf-innyUyijjnyviijqviBmjEM 
L>javiuaa?}jna45i,viypi'Li4 du fluorocitrate uat 
hydroxycitrate iiluwu 5mypiJlpmjj«n«c\jpiamyi]a'i 

I I 1/ 

numyinwuQuin aonniyvi^iviypiiLluwQmja'imyinfi 

I t I 

wanii.asniyiwjjIiii'iia'inauuQR'uviS^iviypiwn'luil^amt 
a <3 d PI QT m H a <3 vl a 11 n la u Q n u (a jj a >3 il y t n a u 1 n a a 
iiPiaifEJulw-ina ^^ifluvlEiasjyuQT/m^ilaanKd 
Imypim^a ilaaEJillEJO^if^ajvIjjPi iia^myinpim 

2.3.6 finQ;s£I«i«n']ti.iwl'uiua<iannmy 

»y 

inpilln (dehydration) 

iJ n fi il«i «n Q PI Q y a t d iJy jj T fua ^ y s VIQ n>3 

V t/ I 

2 -3 apiypiaQu^unuiJyunmundyiJiJysvnuiyi'itiJ 

I 1 / I 1 / 

l'3iNijdnmyyuiJytvn'uuT'luwijQa'i!ypiwtpi'u'udiJyynfu 
uaanQh 2 apiypiaoua'uiLlufinL'ii^lMila^nQtdpnnu 

I I 1/ 

idapmjJiyi3jyi'una'3Lf?i«nQtm:iunniii4«i<3wa 
HinPipmuauwQEJQPiS-i (supersaturation) liaaEil^i 
yopiiyQiJytaaeiysiia^upiawaTi aaniniapi iia^vlaadpi 
atauwonuiiatinpiifluinaaiipiai^aijaamniap) 
uatinaaupiawawvla^iivIpi'l^w'ifmasyQPiiyQ ^■3?i-3wa 
Hinpim'lpiU'3nEjfu /imsi!l«}«»mijiifjjwma4annnny 

1 / 1 / I V 

‘jiiPidnu'ULLl'ULlaaadTflfylunTyinpiuQiiayjn'iidpi wouu 
nnyi]a'3fTu‘l3J'lmnP)mo^^'3nanQa'3iflui5-3aniLluaE]n'3!j'3 
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2.3.7 /nQs:iI?ie)nQ;;iLlun?wvi?aii]u^n'3 
wnnmullJ (Low pH wt® High pH) 

iIeianQ^PinjjiJnpi«Q?il«n«Qnmil'un?w^n-3 

I V I 

(pH) 6 - 7.5 LUa-J'^nn pH 

an«fyatin'3?i'3‘l'um?ij'3uann<if=m}JiS!j'iwann?inwuQ 
niuvi?s^uf^QnjjiLlunf^vi^nnQn 5.5 
nT^^fna?i?ta:;inwmTPinwaniLlunai4wany?niias 
nanfjiflumlp'iUi^ia'liJ ■iimtvlpin pH 7 at 

'Mi‘lviin^m?Pinw9nna'3'Wa?)dpi-3n!j uati^nlMnanti 

I 1 / 

iQuuQ'Ha^ivIpipia'liJ atih'i'lTnpnwjtmj pH 
1 / 

mjnn?njiJ?tviiuunu9tanMi? wnwaM inaau? m? 
apianin? m?aannna-innLa?Jn>3M'un TQ3jn>3{^finnvin'3 
iwimuaSnau ’] viintjQOT<ian^Qtj 

3. mflhwntfflUQ 

I t/ 

nijfnmTjf^iiQClMsnnvianEjQfi 
nnfwni^i?! uatvn<iwiV!m?Tn»nvn'5£jn TQuO'jmf^QU 

I'jfnfynw'nTTfnuQila'ian^^aytEJtnaiiiat 
FiQnjjpiai'ua^i ‘lumi'pifiPinwfnHn fla^inu 

LviwiJQyjj^aifnvnnpiviw'iiuuatajjufai 

u ^ at 

“luMaiti ?-3mi'n?tMnia<inanQwa'jflnn?w?ipnki«uH 

?t(^uiJnw ^oanaatiil'unnTiJjtmuvin 3 iHau au 

> V 

n?tvr<ipnnjj w ?iiJnfivn-i ijj imijaa^jjuugn Li^Ti iiat 

^a'tmTiQanriQn 5 lI ‘lunnjwiapnjjpiu'l'iipia'liJ lunn? 

^nu'nHaanLfa‘!iav3fn??nu'nuatmf{]a'3num?in^UQ 

«/ 

'ii ?n3JiTfiiJ?t:iwu'l^(tiEjHi?i??”Du 2 «a mfilu 

II I i/ 

anuQumiauQvlin?il.M3J'Mjam?i?iTQaaaijm?m^UT5n 

I I ft/ 

(stone recurrence) wtaiiuni^iUQifijJvititi^u (stone 
growth) anwjJtCs'MU'3 «ann?^nwnnn?iiJa£juuiJa'3 
Tia<ilQi^w‘iia'^£I?i?^nQt uatiJ?3jnm?)n?riauQ ?q}jp<i 

ft/ I I 

{^hJtmtKimTinwuQTiu^pino *1 /nEJua'^mnnw-n 

ft/ 

1. iJjKnwjilastnt winnQT 2 aiJijiHa'ru 

2. upiai^EJw'l'uil^iamt uaEjnQi 200 SaanjjjpiaQu 

3. uattnon 700 SaSnfuiHaTru 


4. v^ajtv^afaluLlflamt uayriQi 900 daannjpiaTU 

5. uwnui^iijjluilitjtmt wnnnQo 50 daanfjjwaou 

6. 5ivi?Pi1ui!I«t«nQt jjnnnQo 320 CaanfwpiaTU 

7. Tm^Ejjj'L'uiljtamt uattnan 150 daaa^QQoiauvr 


piaQU 


8. pH lJn^a^T.Uli'1'3 5.5 - 7.0 

3.1 n'i?Tn»ntTPiiiQW'j£jQfivn4f^9£jn??}j 
m??na'3‘L?RUQi^0£jnifeJii?fw duokiHTOM-i 
‘luilaamid^-iu 

a 

Extracorporeal shockwave lithotripsy (SWL) 

wanuHFiaunTtuvinnaO'nu^'ianniFitaonnm^my 

1 / 1 / I I »/ 

U'anwnufuwQviOi'^ lujru n^njjiu'a ifi'api^uun?:;v)u 

I I 

nijQi?invluf4uatiiJ?ntiTiuu'iatMiHupiri'l^ 

Percutaneous nephrolithotripsy (PCNL) 
^amjHnaa'j nephroscope «ia<ii^i^tpiHTUvn<i 
nephrostomy tract d 11714wiuwTMiwmnaiLaQmdlpi 
I^ypi?4 LiaQunuoaanT^EjH forceps ^uwQmaH 

II II 

iPi?a4n?9UQ (ultrasonic lithotripsy) w?ai^?a4iaituQ 
(ballistic lithotripsy) 

Ureterorenoscopic stone removal (URS) 
^amf1'Bnaa4 ureteroscope ^'unf^ian{^a4WTUvn<i 
n?tmntiI«t«nQtm^via'lw Liat‘lTiL^?a<ida«aa4dQ 
(basket, forceps) ulanjalviUQiL^ntwbH laser wta 
ballistic lithotripsy 

Open stone surgery (OSS) iflunnyitlwwnpT^ 

I 1 / I 

?4rlvi«nbQfiT^!j11unui^nim'U4i.iat^iun^^a4UQniu 
anatrophic nephrolithotomy (ANL), pyelolithotomy, 
ureterolithotomy, Laparoscopic ureterolithotomy lllu 
nn?Hnaa4f<a4m'liJmkanuQl,uviali?iaanTi?i!jm?i,ant 
uwavin4wa4i«n q iJjtiwiai 3 uwa 

^ati-a^’um?lh«nSQi.i.«sjB??u'anw*iia4tfFi 

(Natural history) 

wilQEividuQTQwnijannnTilQ^ uta UQvidnn? 

V 

WTamp)dnnTpii?ii?avn4iliu 
{I?i«nQ;;?QjjwQ£j atifluilaati'lumT^i^il^uT.afnttnuQ 
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lun?mwyiJ'i£JPi?Q'SViuuQ'li4l« (calyceal 
stones) nt4n«i«n (< 5 jjjj.) T«?iiJ<iifl£y twaw'Uiwanfn? 


•] infni^QnwQ'an'^'stTpiiiu vi?‘awiJQ£i'En«^sti4 
w«uvi?n‘Bau‘^nniiQ'l^ t«£iwfn?Q'SEj?'5Pi^enjjtjijQ£j 


UQ'lpivl’ljjfi'anm? 107 niiQn/ncjlu 51! 'srJlwilQEJ 

» I 1/ 

vlini?i'anfn?iJ'3^w m 48.5 % Iwnu'juu 50 % «a4?ij 

m??m4nianwQafin iw'a4«nnQnn'mjJ'^tHm?«iant]w 


?ni4iuQvia4‘Ujwannnftw«inu'=itilw9iin4ifl£i4W‘aEjnpn}j 
upinHwam??'nwnvi‘l»^ m'a'3‘^onm?ia<iwnimii4U'] 
iiwn^ian aniQulwwi]Qfiijn'3n«wvltmt:iln 

I */ f 

wilQtJilln wiIqej 

I I •/ 

vifltw'jin4i«£iQ Hi]Q£iMto4vinna4«)t«4«??/T tTniiu 


UTiwUfi (stone-free) ti?i£iMJiw9'an<ii«f]4'snnfn??m!tn 

fowl 'li^ii.ri Tiunw '^nwua^mJf^n'aiJiia^w 
Tifi'iw ?Q»yN m£iQ/n«ii'a4l« uat «5/nvi‘U'a4HiJQ!j 

V 

MU 


3.1.1 Wni?l1ia4UQU«t1IWW'5lf)4UQ 
UTIIWnW < 10 JJJJ. ifluWQYlVIlj'lwlsilflw 

I t/ 

gjQ'ulufy (50-60 %) WQivianww stone-free rate 
11^4 SWLtciai.'aasjivinnij 79.9 % (63 %-90 %) 

tf I 

?uniJwnuMU4vi?‘aa4mJfi;naiJii'B4UQ 04uiJ stone free 
rate ii«4 PCNL ■^twnnndn upinJiw«^3<ii«a4jnnn'in 

*/ I t/ 

W4'uus4im:iun‘lvn^fi SWL lumnaiid EjnmlwwiJQtj 

a V 

vi S Q n u 3 PI il n w VI n 4 m £) Q /11 II a 41 PI vl w m ?-a i?i fTu pi a 

m?ii«^pt'aami'a4i.pi»u'3 vlfiwiJQEjvi SWL 

UQllunPl 11-20 JJJJ. 3 stone-free rate 11«4 
SWL tpItimaEllviiniJ 64.1 % (50 %-82.7 %) ^4tf4PI4 

I 1 / 

ULii;unT.vni SWL lumn^jju fi£j'i4t?npni4wnuMii4 
U9te4mJ?t;nf)iJHfi4QQmjnflHapifi stone-free rate 
‘ii04U'in{j}JU«Q£J Tpiti stone-free rate IwuQnandlu 
n?Q£itpi«(Qi4an4 (lower pole calyces) stuayfi'j'i (55 %) 


*Lvi upper (71.8 %) U0t middle pole (76.5%) calyces 
ussviiJQnl.ud'jTiunpi'ljJinu 10 uw. lu lower pole 
calyces mjiin PCNL u«;j SWL T,viw«lnm«EJ4fru 
Lipi'lumii'unpi ii-20 wu. nn?iin PCNL HwspinQn 
tpiod stone-free rate ivinnu 74% uat 57% Piijjanmj 

t/ I I 

uf)n*iindm?«iv!u (cystine) uatUQUPi9W£jjJV^fi«livlpi 
(brushite) nHwflljjpipifi SWLlpiai^imtfinjjiiiinpilMfy 

1 / ■ V 

ndn 15 jjjj.«4UuT.uwijQ£iv)dif‘=)<£iPin4 i iwfind piq? 

‘l«?ij6'mut;i4nn4Qfin3??nwnM£iQfi PCNL ^4tw1wjjH9 

n?tviij‘^nnwiuviii4U9ta4mJ?:in®iJUQ 

UQ^inPI 20-30 UJJ. n4UJJQnw«1l'a4 SWL -St 

twpiail^ tplOJJ stone free rate 1104 SWLU0S PCNL 

iviino 34 % U0t: 90 % pnuanwj uasdi^ijpimyfu 
1 / • 

‘ua4m?W'a4 SWL ^3^404 33 % upiiua40nn stone 

1 / 

free rate 1104 SWL lli43WQ0EJIii34 *] 0^lLili'}4W4Upi 
• 1/ 

33 %-65 % U0tlLlliOfivi non invasive «4UuluHlJosj 

i 1 / 

do4'lw0Ennii3 PCNL u0i:l^!j0}j?ijn4W0«4n0nQCi 
n030Vi03?tU3H SWL ?9UniJmf1^03£JftlJ3!JLl00mt 

1/ I 

‘luviBiPi (ureteral stent) (nn?l.«(0nEjdm0i]04fTuipn4 
UQvi0tPin04W3^pi'liivi0T.Pi) 

WQIIunPl > 30 WJJ. d success rate V104 SWL 
m£i4 27 % TpiaH00:i^d0pii.dauQd'iii4npivluvl3Qiiatj 
ndn 500 Pi?.}jjj. U0^a^‘li4n?QEJiPi (renal pelvis) «4i4U 
040‘i?1.^fi PCNL fni43dQ‘liin0wCitp)£j‘ljJwmj«3uiiii4 

a 

u0t04mJj:;n0iJiifl4W3 

dQiinmn-a (Staghorn stones) 

UQ inn n 934 RB vl 0 ^lun T Qtllpi U0 td UTIU4 

I It/ I 

Siimiillu calyces UQTiUPiu^iQu'liityiiluuQiidpiwp) 
ila (Struvite stones) il9iidpiBud1.iijiJ?34i2uwi3nQ34 
l^llri UQ cystine, calcium oxalate monohydrate 
U0t uric acid iipiviijlwdatjn'in dQndpiuid'QPiJQBViiJ 

1 / jU ^ 

snifluf^'aoL'an'B'an 

M343w'l^ 113l,11inpin3?pipll?a ll0tHlJ9tJlfly^Plt^4 

30% 
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uusunl^^fi PCNL SWL nnjjifiw 

UQlnH'QMT'amjlin PCNL ?lQUQfi SWL 

OSS 'Iw^ona'anHiLlu'a'umjuTn yniQu'ltsuQinnrm'i 
JnsnsH SWL UeiTU OSS pn?WunTniviiflu 
UQD'un^'lwEi] WMT PCNL wtannwn PCNL 

iiao^iKid'Q'ina'Q'iiWwu'innQn 3 ports j^QuluriTnlvi 

vijawnuuQ 

I 

3.1.2. 'a'3fiiJjtn'auiia'3nauuQ 
UQ iipi^fBui^iJjpmw iw uat WQiJJtnn'intj 
'luniTwnWiiiinfitpiEJi.wj'Ei'iJjanT'QUQpin'i "] fQun'iim'a'i 

I I I 

SWL pii'inu T^tJViUQn'luiiun^UQ^ivinnu uq cystine 

i II I 

brushite ifluuQViLmviuci'a SWL jjnnvijji?! 
pnjJwni^QtJU'i calcium oxalate monohydrate, 
hydroxyapatite, struvite, calcium oxalate dihydrate 

I tf I $ t/f 

I.19SUQ uric acid pnwan^Li 

(cystine, brushite, calcium oxalate monohydrate) 

PIQT'l'BQfi SWL l^l'EllLluUQ1IUn?ll9n(< 15 WU. ) W 

1/ 

DunwT.Mtyn'inuwQyl'fiOfi PCNL 

U'an'=)nnuQviwFm3Juf'5unnssvi'miia SWL usq 
uQvifl^QiJiuwjjnnnT.viwa'ljJlipi'a SWLdun'u duuQ 
matrix ^'uSuu'ivtianmtriwi.M'U (radiolucent) iiatJJ 
'E)<iRiJftn'EiiJTia<i organic matter jjnnnQh 65 % (t^L 
llnfiunMO •] til W organic matter 2-3%) PlQft^Ofi PCNL 
radiolucent uovi 

il?;in'auwQEJ indinavir protease inhibitor 

vit'!i?ninwi]Q£j'E?Ria^«t) I^eiviuuqU 12.4% 

I 1/ lit 

viUtjnu TS£jtn9'ii.ti«EJvlin^mM0<i'^innjil?tvinuEJi 

Sy I %f 

21.5 ^il^TM mTfnitn^'aH^wu'iiinn •] u9q 

I V 

?iQuT>vinjuQSt;w^^^l^L'a<i ureteric 

a/ ^ 

I 

stent iQoiilfnT'^i^imiShnn'auuQ 

I I t/ 

«(QUQfimTvl's:;jdnwiJQ£)iiluuQiiu^twmi on 
IjJtiiiiluuQ^iilunTTJJiNufuatiilutuFiuai^ufiyaEin'i 
UQ cystine MT'awiJQtJvli^Liiluw'matiPiEjQi^yntMUQ 
wnriBi! mflu^ovl^'QUiin'itnn etin'itynpniirn^'snn 


I I 

lenfify plain KUB viuQnuQvijJWQiJEiiiifluiU'QiliEn 
n’uiiatufmmiiwnQ'inTt^n wnsti^aiEitiQt^Ennndi 
UQviCjwQTipT:^Lie^:^2Lti'aTi3j«^34ni«^wf] f)£in'3iTn^n3jpiQnjj 
gnwa'iii'Q'jm?'hnun£j'a4«ilTtn'ami'Ei4na'uu'3‘£^EjQfiuil 
mtJ-139 % 

il'^'^lJut^flmTH spiral noncontrast CT 
jjiHl'UfnTQU'^'atJUQ u«sviiiQ'inn?Hpi'iFnnuiTO 
(Hounsfield units, HU) jnwn?PiiEjnuTijui?ipin'5 *] nuU 
'atli'ipijm "] nniilviu'3vljj‘a4flil?tn'amw£j'3 uwuq^qu 
tl1tyvlnU'=i^lfluii'JlU'QWaJ4 W4UU'a3"1'^^tjjtwil?tt£J1jU 
tun?niuu«i:m?QiFi?'iti('E)'3mJTtn'Enjtun'QuuQWf^'nw 

1/ II It/ 

^'iwfyiiasii't^n'iils'stJif^Ej'aviiilujiniMiii'ii'a'iuQ'iiui^i'uu 
mfQmThJiit'a'iRilj^n'amiTfiniiitun'auuQviuEJUil 3 qb 
QfifinfQiFinsvvn'iiWjl (wet chemical analysis) 
QfiQiPifnsiiwQ£ji,vifiu«e)i.ilntvi?WT(siwi^'af'Du^Hii«i<i 


BUvl?hl?^ (Fourier transform infrared spectroscopy; 
FT-IR) ll^SQfiQlPintWlBQyiVl^UflJtLlIntvifMplWlWBf 
HUwHManmTiBtJOiuuMmfin'B (x-ray diffraction 
spectroscopy) lllui^'U 

3.2 mf'fnW’itjfiUQ^QEJEnuBswsjumW'i 

n3??nHnvn4tJ3i,ili!BnviWQfiviinBiiQEJi]'Ei'3nu 


I I 1/ 

mfwii'Ci^iii'a'in'auuQiLatmjinpibpiuQ'int^ Binrin? 
^nTOBiifKiuvi.vi^vis ^?lQ'3^jTnmi«t«mttwvii]onwi]Qti 
wt0iinn?fn»nvin'3f^0tjnT?J4 (SWL) ii,iiiriti^wnn??nitn 


V ^ ' V H i/ 

vin<i£ni«i?wtil^Q?ju'u Bsviii'qijpinnfnlniyi.nwuQ'intw 
jjnnn4 ?bej9s 13 \xftt 25 mtJM9-im?um??nuivn4 
(^atinnwiil'un^n 2 iiBt; 3 ilpmuanwu 

I I 

niinn?^nyn'^ijpim?tuni7in^U'ituyi]Q£jt?PiuQti)™B<i 
m?wnpn^iiB'3uyi.«i3Jijli in?w^4niiiw as tj'intJ'iinB 


HrufifuvifMiNiiQnBtinpiuTant^j-nnn'iJBtJBt 39 iub4 


BhnmTjnM’hvn'K^atjnTTiiu'utilt^piTBiiPiBJjtiln'im? 

ft/ 

?n»nam:iw^ilnpivin4i>JuviuBB5w ^•imimT?nitTKn4 

I I 

tnB'tiilui^'ivlflQTimtuniiriyiJQtjantJvia-imjf'ninvn'j 

^4n'i??'n»nvin<5tjnfjQPiril?:j?i'3mi^nRnj ab 

% «/ 

mBU^TianQ::3?iiJnfivn'5LmLviuBB?wtuwiJQ£j mBmu 
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t/ 1 ^ j ^ 

2n?tfutMnn?ri®UQ m'Eifl(?i/in'5::i«?Ej?i 

snn'a0n?i(?i‘fi'uu«tnn?uni?ii'fu*B'Q'3iii9mi«^tpmiJw^ 

I I 

iJnwii'Q'jmfion'iiuiia'j'lpi tjnvIHjnw'nTjpiUQjjfn'^tviu 


t/ • 

du allopurinal, thiazide, 


orthophosphate, triponin, acetohydroxamic acid. 


insaTviuviadtJwvJaj^iv^pi mt in9fiiia'3?ivi?w ThkiO'i 
du n?i?ilvlwn 

unjj'uiJai vifTjnvii4Q?m}JQ'M?'a’ntynivnpii watw mt 

*/ 

wtuiQW't ^•^uuLinvid’«Q?vvsi?a!n?nM’n 

yiJhtjTfwuQ i?iQ!J£n'lun?nia!jh'3'li?iaEih'3ww‘lmiri yiJhEj 
kI«hhuw«iJn^vn>jimiviua95nviviniJiitiu'au yilhsjij 
«Qi3jwi?iiJnw‘iia'3nn?Mh'3hU‘ua'3lpi w?anT?«finna'3iLlu 


a^M?aii9KwijQEJ3luT5n 

3.2.1 mTfnb-hilh^QEJinaaiia^iviJPi H 
'lu?iJ‘ua'i«)ifT7iiivi?idyjj5ivi?w‘tv<iivi«id£j3iLinnudEj)j 
TDi?lEJ3Jii.unudtj5Lvi?pi lua'iamfnj^LviJwiflu 


jnfyua-imjinwuQvijjiJytjSvifi/iin viilvfamvian^Q 
•iia'3 maa ima WLJjaa n*iin 19 Piua s iLPia wtj jjvlaa ivl p) 


tamavlatinpiNanuQa'ia^a'ifnujjh uanannu 
lun?niiia'5yiJQavlijmQt hyperuricosuria 5m?Piat 
ilhaapinnjinwwannjw^Tn^Qamymw pH 

1/ 

iinl,vin?(?i^'5nl3JauirniLluw9n‘lu£l99n:; ^haaiiM^u 
S'ljTnnudnTnimadajj^ivifisiasgnl'Slunnjjnwhtpia 
'l>Jahn?iQiNiJQa5j^'n}jwi?iiJnwvn>5iuuviua95knii4^'l^ 
nm?3nw'nw9Tia'5tvmvi9d£j}j5iv)Tiiipiann?ii^ii/ims 
w^iijnpivn'ji.jjuviuaaijj I^ej Pak nuci 

Ljjawnnfiajjj'C'miviadakiiivifcn'luyil'iaTTflmli?) wqej 
awjh^ihu'ua'itvmviadajj^ 42 SaaaFihQniauM uas 

I 

^ivijpivi 63 riaaaf^hhhiauiTii'nwa'imj asfniJhftiwnH 
il99nQ^S9QiwiiIu(Hi4}jhniiunfa}jniJiiMii/nQt?ivi?pi 

I %> 

lui!l99n']:iWh'l^aEin4jjiT£j9n«:y uanannuTia-nu 

nh?^ntf'i1.i4i*ii99^ijvialpiiia4 Khan SR 

1/ 

Viudnuanahn(^'njj{n3jn?n'lunn?tfu£r4nn?in?iw9n 
im9i?£juaanini9PHia4tviiivi9i?Ejjj5ivi?Piii9Q tn 
9njjnjmJni]a<ii*ii99i^vialpiannnh?u'i(?iiauwiufn?9^ 


ai^yaaa?:; uattfutHnjtUQuniT peroxidation iia4 
'lnij'uviSQinajnwwQa ?4?na'nunn?^nttnw4n9'n 
9a?)fl9a4niJ'nuQa£j'luyiJQat?«u'ilp)iia4«futyL!lau 
vlviu';iniJ4ai9?wtvmvi'ud£j}j5ivi?pi'luyiJQatT«m'MnH 

A ^ 

?::«u?ivi?piii9tfswuiia49i?Rhuai^3j)9a9?sm}iiiu 
atii'iJJiTEjaiwry ?hwn45jm?9i?i94iia4 Malondialdehyde 
(MDA) 54i£lutJ9PitJ9ainn?tUQi4nn? peroxidation iia^ 
T.h}juu 9:^ Wjwulsaaa^'iiLl'uwapiwaa'innjtuQ'unn? 


oxidation iia^lijfwu 

L-i3in9a5ivi?pian'H9naijUPi 'Imiri'CviimadEJk 

iiwnudajj?ivi?Pt ?4‘li?iJ4nn?^n»i9h9,i?i Zerwekh 

JE uatiFitu:; viuqi tviuviadamiJjnudEJw^iviyiiijIqviB 
■ < 
'lumtivijjpin pH aEin4Jj'U£i9i«ry iitutvlapifs^u 

uawIjJiUEJU, tritable acid, ai?in{<QU^kimifina4Fnn3J 

a}jwQin9aii,«9d£j}jaamni9P) iias ft^^unTPi^jn 

a9?s aEin4JJua9n«fg uanannuainmy^ntnua-i 

pi.tlEitfwu twijhQ'jff ii9t«aittHviun'i niTiajjjai? 

t VI u V) 9£j w iiw n u L? a y ? i VI f Pi'lu y iJ Q Ejt ? uqIw vl w 

/ihQt hypocitraturia iflunan 1 i«aviVNiJ'in9h}jn?ri 

9i?i?i^mji9u‘l*ii>4’ ATP citrate lyase (ACL) 'lututviijaa 

U9t^ iai4t*il}J aconitase*lut3iTviFiaui.pi?a (m-aconitase) 

1.uiyi?ii.9a?i‘iimUaEln4}JU£j9iflty nnTawa-iiia'iiaut'DjJ 

^4n9'nnhin(?iiii4ViiH99viatiji atvii‘l^ivi?i?i'lwnj99 


iviu!li4vin'l'M9wnn?igwn9ij!iivi?i?iiiin 11199 'Mnlw 


ir 


il99ntn5ivi?p)ivijjiiu ii9S9n}jn?mviw?t«ij pH 


l^a£]n4}Juy9n(iEy uanannu m?i9?w1!vmvi9dajj 
ii}jnud£jniiiviTiiia4mjj?tmj tvmvi9dEjw unnudau 
ii9t5iv)?Pia£in4JJUEJ9nf^f\j a49nj4n?nn9hQtwQn 
l!mivi9damijjniid!J5j5ivi?Pi'lijma4iipinn?ii^iii!IfyMi 
5mfPi‘li4i!l99mtwi ui?ia4R?aLi«9wliJ!i4nn?m3J9n? 
autf4nh?inpiuhvi9hfifyvH TmiviaiHEJU iiwriudaij 
u9t5iviTi?i ananw'iMU'i?4iflum9aiia4‘Cvmvi9daji 
wuawHdunu ^a in9aTmivi9d£jjji^a9ivlw vljjfih 
pH 7.4 M?aiLlun9n4 ?4Hii^iiiI:yvnannm?Ha'i 
Thiazide vljjw9iii4i«a4'lum?fnti-'iT?«uh'li?iviin(?i9nn 
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/not renal hypercalciuria lU'a'J'^Ofltn pH 

t 1 I 

iflunaO'imfinjiJftvnu'MoHiviviwoojJiflvi^O'OMT'Biwjj 

j/ 

pH iia'3il«^?notuativ5jj5ivi?«‘l'uiI«(«not ufin-sonu 

a'iiyiw'lvit?yl'a«n^w5'3iflu«n?«n'um?in«uo'li/Ll«anot 

iiiwm/ ii9t£NviiJO'iijRn/{^jjij?i«oiJf5wno?iwij“twiia<5 

nauuo awfnj^-mfiflWEjmonnTtwn (bone resorption) 

uat««/not hypercalciuria 

3.2.2 fnnni!nuo«o£):4tunoW'3w?n£i'5'ii4 

iflu'snuo'ujjon^viijdn nojmT/ifiwalwust^njwow 

at^ija0««?tuan'=innj4ijviijovipiafnf?nttol?«pii'5 q w 

‘[jpiwtif'j tjpiwo'l'^uatvafipiiafiw jown-jtfpiuolw 
• 1/1/ 1/ 
itla'a'=nnluw«i3j uujjir^an?wiufliiyaa«?t w-i'lui?') 

iJ?wnniii«tR£u/nyi 'arulmiri menuATfivlu opnj4U? 

1 

dpnwua ■t^an'lou'aaw njwlvlwn iflu^u ijoylum? 
iJni]a-imTiin9oyiia<5iiia«ijvi®'l«'snnn?tuoumT 
peroxidation na^niJUiLlu MDA t4a'ljJENJlwiJ?jjnfu 

I 1/ • I 

5ivi?« ?'3iLlu?n?bij£r'3m?riauovi^'3iJon 

tviuviawyw iiatuwfiTiwEJHanwoti aonnoT^nwona-j 

Fitutwiiiaulwrujon HiJo£iviuo‘l«vlwouno??n»nvn'5 

f^aejnnjjmanjijftvn'ujjt'unow'ii.ilmttjtioan 3 laaii 

'Lw€pi?n{<oii‘tviuviawtJJ4 21 jjaaapidoniau'M wa?ivi?w 

63 JiaaawdontauM «ninjtimjJiJTwitu5ivi?Piw?aan? 

«nvim?riauo1i4£I?i?notuattvijj«n?woT4at^y9aa?t 

9Pi60owill£)'3fn?m(^iio jojjo'iai^iaooumyti^aon 
* 1/ 
aan5ici^u 'li^0£io'iwu£jai«t\) uanannuEHjnjjojn 

ilnila-mifMoaobinaai^vialiin'l^ iwaiiJlaiJivltiijmf 

?ijiJ?tvnu l!viimiii?Ejjj5ivifi?inijjjti/ooH'5VHijdnmj 

njiJ?tvnvi}jtuooW'3«nvn?n‘lmiviutniiviawEJw5ivi?i?) 

‘lun'i?iviw?ivi?eil«'s?'5 uattHviijdofni‘iajuwtuooW'5 

iin'lvfiJfti^vifi/nniia'iilaanot'lun'iJwouvnuaaniniapi 
• 1/ • 

Q{i?t glutathione wjjjnnuuajio-iilutjaiwfy aa^piaa-i 
niJTnEi>nufn?3n«-n‘luwi]osj‘t?«wo1(iivi-i^njiJ?tvn'u 
walmfluioao 2 viiido yiJotijIifaaaiiila-i'Lum? 
ifiwuotpi u9tRoomll£j'3^jjwMfinijfn?aw9'i*ua'55ivi?w 


atiO'ii1u£jaiflcy walmflu 

iivia'aiiviTPifinuinSviji^^oojja'i^tywamTila'inum? 

I 

Lnmi'Bti'Xiiimn 

« 

< 1/ 

mjiviwna'ianun'slvfyiJofj^iiawuia'ivr'i 

?0'3fny awl's iJnjuJatiuoniowatiO'iifsj'iwfwatTioti 

awila'SEJieiEi'ivlifluinmwiia'ifnjinwuo iio'lMliJjjtfw 
« 1/ 
uqiJtHiwqU mu 

I 1/ 

4.1. wojwwuoiBjnfujnn wonndn 8 iinowa-ru 
Hnjtaotiwaaw'ru ‘lvi*lwiI?3nw?iia'5i!Ia«not 24 foTw'i 
i^iiiw 2 awTuulil maawwoow0wwoiia'i«n?wn'i •] 1u 
ilamot awmjwnwanuoiwatiana'iuo T.mtuijyn'i 
iwuilainot 

4.2. mT/iw0oin?vljjiJ?tttiiiu jjfnjaom? 
fs?iJtiouiiat^w.«<o'utwjnt«iw 

4.2.1. aomT'SovionwnuatHalmflvjiiwfi'j 

1/ I 

iia'aanjmjb'imjinwuo uatmywnviai^yaltiftwaoEj 
nww liofjlMiJjjntu^iviJw tmiviawauuat pH na-i 
iJaenotmunuiiatawmnioaoti'na'iiiiaamai^Maawlw 

■/ I 

a'i{njn?fitma-imjinwuo‘lwatiO'jjJiJTtSvifi/nvi wan 

1/ 

annwwnwamtNjjIvliijafTioaawimawtiwlwilaaoot 

uattHiioEjaw'liijT'u'lwiflaw'l^nwoa 

4.2.2 ‘liiuuaonw'BiiattiimianniJan'liijj'u 

1/ 

iwanuaowojfiawiljjnfuiiwawajj'luilaaootlwwndn 
liijT'ua'lwanniua^wdaw •] awtanoanojinwuo'in 

4.2.3. awaomjvlwiwa^w'f ‘lujTu^wo’ 
aowoTwoowuatiwwjnn uatanmjvljjnjw^fna'j twuri 
niw^wdiln wu Iw iJaomfww twailnw'lw^Mty'UJfso? 
'IwjLitiJfwuaon^w'finu 150 nnjwa'rum?ii?t/iaanm? 
W?wug'iatiio'lvfiviwan?nauoiiatmw1!annam?inw 
wo^'iinn 

4.2.4 waniaa'ianmfiiJiaamniaw^'a 
iiia'5annaaniniawifluan?nauovlanwf\) W'luuwo? 
Maniab'i ?>a'lwun -n wntnw nown-i'i nanlnuaw uatm 
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I 

sniLlu^'E)'3ijf‘En«R'3?stfiJiJ?£viivipnug'liJfTuii««i?£iw 

v?'allwuw'stiiQ£J9?iiJ?vnru'D'an'ini9Pi'lT4Ll«ams 

* 4 J <1^ 

4 . 2.5 iyv»jni?njiJ?tvnufnv'iT^niiw«ii£jjj 

^4ils'^iJuv<UQnm?«pi'DnMn?vljjii«ai?£jw'luyi]'3!j'E?« 

thJwwils'SEJLf^tj'JD'D'jljf'injKgn'lu'aunpiw uasfi'-jwn'lw 
mwan?ri'BU'3iiu(^'Ei'Dn'ni0w‘luiIaanos lu-Q'Jsnn 

anU 'liQEiQ^js^U'a'Ein'iniaw'luila^ms masilnpi 
n'3mtjf^Q?Unjupi«WEj>jil?j;}jnai 800-1200 JlaSnfw 

w-DQU IwriTnivlTuiJysvinuEmjji^iiifiailEjjjiajjj^Q? 
fuiJjsvinuwl^'Eiunujja'Einvn? PNuuyvIjuiJTjjvinuiin 
m^iiflai5tjyri'Eiuu'au}jt'ann«L«i£j4eifim?i{]uuQ^'5 

I 

^nwnj‘lui^iJot)^jj«QnwS«iJnpiiia'3nnf^?i?jju«9i?tJii 

Msnt^j^QTiJjnwnimviL 

4.2.6. BBnnna-ifntmasRanEJiFiJtj^ piq? 
a®nni«4nnt)iiluiQan 30 unvl^^riQ'u du mjmu'sHQy 

I 

M'lT.wuQuunpiianMflPi'l^ nnymuawifi typit ‘Iviinn 
wnHfn?Mn4nuii'a4?n'3m!Jw^u iiatET^spiPiQnjjiPijEjpi 

• I 

Liei t ill !J>31I0>3 nn Tin ^ UUQ 

luv)n4fnTimYifIwfn?H?jnw9nnw«ntjmafnwn 

* ft/ 

Tjruq atJn4'lTniinu£jiiv«inu'l3JJjiJ?t3vifinnviivlEj>3via 

^ ^ 1/ I I 1 

uat}jwaifn4iPi£j-3 R^uuQfi^liviijPivi'stapiTannamTmpi 

I f/ 

UQ RBrin? pnu^}j'anwn?R4n?inQ imtil^iJRRQR'JU 

1. m?Piwunjj:;u'nvtaunn:;umiii)jTi'u iflu 
uwa4?inTRnutiv^yalj^?tii9t5ivi?i?iWRwnn 

ft/ i 

tmtNnnfri0miL9:^«Rnn?ijnRi'SiJii'a4in«9ijvialiiilRR 
?'5««nnnn?^nw’nQ<yDa4dnEJiQipi}j dnEK^sypnawf 
fsuuvn4ipi'u£l«^«^ms ?Q)jnuiJnEj'ai!^?pti«^Rf viuqt 

ft/ I ft/ 

m??uiJ?tvinuwti4'n anwnfnLutr^nnjinpiuQ'in'lR 
m3JiJ?t«^vifinnvim?ioi4nuiia4lR Li9tiww?n?Rnu 
B 9 0 a ? t vi a n R ty li^ n R Q £j 


ft/ 

2. pi'Jijf^uii'iviInT'uyiJQEjWijRii^jjQarnaB^ 

ImSRlJlJnw (BMI = 20 - 23.5 Kg/m^) 

» 

3. yvlj4mQ:;'Ei'Qn'ini«Pi'lt4£I«ia'iQs^4 pnTlRfu 
iiwnui^awuBs^wnjJuij 6 i«tw iv5BiiQti0Rnn?««n4iifi4 

4. lupn?fuiJ?svnTiQwnwu?knnndn 500 wn. 
pia Qii mnsBsliJiww'a'an'Diiapi'luilBBmsuBsmw 
ilB'SEll«^EJ41ia4UQ 

5. nn?PiBitiiPi?£jpiRQ£jm?u?Mn?jn4nn£j uuu 
ttjpit nnjionawnfi M?B‘l^iviPiupipii4 •] maapipnn^jipijypi 
iiiu m?fln4BUPi/nw iv5'atJaupi9nEj«<QUPin4 q na-j 
n^niEj ?'3jJ044PiguijMf 'stiiQEjapipniwiPifjjpniB'j 
h4 maviMn'lmn PiniTuop) 10111104119 m^vialw 

6. M9400nnn94m0 wtawn^nuniTnluvijI 

i I ft/ 

0nnnpi?0u ^fyi^tiiMlawnn 0tR04RkiiiniPiii!jH 
■ >/ 1/ 

m04W0 Mt0PiQfp|jJuniiluiJ?i:0npi90piiY4'ruiJ?i:}jnm 
2 Spifpiaou 

7. anvfuyvIflBinnjwpiiJnpiuBSB^^BQnwuQ 

IpipniiiyriM'niinvid’ mawiaiiMR iiatunuQwnoiPiynt'M 

m0vn04RiJ?:;n0uii04UQ 0t*iiQyu0nn4pmwwpiiJnR 

1/ 

4 1/^1/ 

iuf)>3{?im^ 

I I 

‘t?piu' 2 iflu'l?piwifipi 0 nn wan nvi9 1011000 

I ft/ I 

i4inuiM4vn4Rnu«?4inpi90w iwuviii09iw ii 9 s 
iTu^riTTU i4«i4H9Hiripi0Qnjj3piilnfiii0404mJTtn0ij 
1uif99nt m?unpii0uii04vi0lpi ii9tii99pii4 *1 rialw 
inpiifluui'lR I?0UQ'lpiiflu'£TPivl9nj4n?ni]04n'unnfinpi 

»/ I 

iiiR Minrim?iJ?tiuu04RiJf:;n0iJii04n0uui iia:; 
piQnjj3piilnpivin4ijJiiviii09iwT,‘uil99nQt iQiinunn? 
fn]4ivn4f^90n??w i4m?fnw'iimu0<iRTQjjijm04Upi 
0til04m4m?inPiu'3lR upitNiflunnjjnwiRuiwpniao 
nn?inpiuQ00n4cmTl^nRQ0 m?TiiiJTtJvinu9n?0nMnf 
viliJ'5i0ni0 ii9t'H9ni90<imT?iiiJ?Kvinu9i7ri0U'30:; 

1/ I I 

«i4t49'lviifipinn?9Pim?0}jRQii049nTri0UQ‘lu{l99mt 

1/ I 

'Ir0014r u0n0nnunn?niiJ?Kvn'uw9T,jjv!)4iivi?pi^4 
9niii?fi9Pi0pi?inn?ifiPii4TBiT.R 
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